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This pener desceribes 2 numericel evalustion techniqus for

welchtine multinle ontions, It is 2 ver~ simnles, but ussTul,
technique for srstematically epnlwing relative #eiahts to sn
numher of options, To make the nrocers clesr and understand-
2ble to 2 wide varizt- of reazders, the technirue io avnliad
to the nurchare of a new sutomobile. A numericel evelustion
of the optionsl e-uivment or en zutomobile is made.

he numericzl evalusation techniqua‘ma? 02 applied'to a

vide varietr of rultinlzs-ontion »nroblems, The techni~ues can

be apnlied to weight multinle objsctivec, recuirements, pri-

1,

matired to allow & uniform and un®iasad avnprosch. It has
important apovliceation in the srstems analrsis field, nerti-
cularl: in weapons svstems evalustions, requiremente esnal-—cis

2nd lo~i=ticrl ~nal-roic,
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I. IKTRODUCTION

1

Sretems ar lw-is larzelw involves the tack of assisting
decirionmelizres in choorin~ »nraferred future cources ol action

Fal o

“rom sevarzl alternatives. Maximun u°e ie made of quantita-

.
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tive techniqucs. Often, however, quantitative anel-s

not Iearcihle, Menrintanzible rlternstivec must bhe ansl-red
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n Subjective 2nsl-sis involves wvalue
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judsements b7 the deciesionmeker znd thus is speciiic to the
. : I

individu=2l rnzrfornins the onol-—reis, Thic doez not meon thot

the subjective evalustion must be canricious, =2lthouch it

».)

often is, A csubjsctive ansl-reis, althouch verisbhble amonz
inidividurle narformine the snel-eie, con rtill he 7oifconri;
stent ond s-ctenmotic.

Whether we rerlire it or not, e 2ll perform cretenms
anal-reis in our everw-dar lives., For most veo»nls, the techni-
cue is one of subjective anal-sis with limited ruantitative
inrutes (usvell cort) =lco consmidersd, Ve r£rs oTten con-

fronted with th2 nacessitr of choosing srnon~ saversl altar-

-~ N $ A K] KRR [ S K] [y R SR
nntivers and ment combinations of flternatives, Tovin~s to

cronnlin~s vith comnlex cholceszs

rorulte end oTten WANROT U C pu*:j th2 cdecicionnriier mone

-

2n dncorvarionce micli he con ill = "%0r7, Such nrohlams cn
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beminimivad b usint ~» cootenn th ~onronch to 2 subisctive

e
i

ay~lurtion o mwlnivlzo~tiont., It i< thn ol o th
paver to descrit2 one such anproach.
IT. THZ PROBLTM
A common decision involvin~t caveral ontions and combinan-
tions of ontions ie the determination of tho‘optioﬁal a2 uln-
rient to include in the »urchzra of = new sutomobilz, Clearl--

tha cigion muat he rudjectivae, Ontions thet 2re important

)
®

1

to oﬁe'buter may be completelw unimoortant to another. This
ic the vers rencon that the seuinnont 1o ontioncl - - - to
allow the burer to choose the combinstion vhich rubjectivelr
suits hic nceds,

Sunnose the burar, Mr, Jones, heoo decidad thet he wontr

to bur an intsrmediate Eire sec:ﬂ. The basic ba% comar
equivpved with 2 six crlinder enrsine, staondard menual trans-
rmicsion and nreciou=z litt 2 else, The manviacturer lists
about twentr ontions vhich can be added, at additionel exvensa

o1k

.

to tha hormic cnr. Surmone M. Jonar iz onl - intersceted
07 thoce 70 ontionz. OSomz options cozt little and come cont
mich, Séme ha =eants var: mach, &nd otherr ha's not r£o sure
ahovt. Iir, Jonzc is no mothometicel wizrsrd snd cennot ju~-1-
211 1L comte ond their relztive imvmortsnce in his mind simul-

tensousl s, Lat'c ome ho- thz ootanr ~antl 7t i conm 1o
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Pivrt the oorrtars 2ncl-rtd licte the fourtran ontionr in
P DI - T7 T - o~ ~am PN N T 1 el 1 .
ick . Jonro dvdiertod on odnth oacn,  Dochh o7 thihra

secuentisll-s, =2nd the order mskes no difTer:
cyotems analvet makes up an evelustion matrix usins the ke

tterc, Tha metrix 1o mod2 un so that ons scuare existe

M
"

for evers voccibls pairing of xzr letterc, Figure 1 i=
the.bésic'matrix-prepared for Mr.dones, The top helf of
Figuré 1 contains the ontions and ke letters; the bottonm
half the ke letter matrix. Ignors the "weisht column
for ﬁhe oprecent.
'IIT. THE KUMZRICAL E'ALUATIOH_

With Figurse 1, the énal*Ft is nor reaa?‘to hava IMr, Jonnrs
moke the eveluation. Starting with ke~ letter A", Mr,
Jones is ashkad to coﬁpare that option (8 c+linder enrine)

to each of the othar ontions, He is asked to indicete,

X w2 . D ey T deee S T I PRI ~ i A
Tirnt, his wreforaoncs Boiteen sach valr of ontlont ~nd,

17 . 14 ~r 4 Ea 3 - oy m -r fad 3 e
cecondl-", the exxtent of hic vreflerence. The extent of hic
- P T 3 Ch ey e Tyt 11y it 7"won . fron -rm 3 - ~ 3
proference ic zhom Hooo MLM, MTH oo M3 o0 sxmlainsd din

TS panq e —~q - 1 . I P -

Firurs 1, Uruellr theoe nrzerencen rrs 2
3 - - B B e I ~ Vo o~ PR - oen 3 3 o~ o .

Muncvion o7 Lo lont it trken o how howd it 1n o I,

" v A 1 LI PR PSS U BN anmy Ay e BN PR SN TP Ik -
Jons= to daecide -ich ontion iz nreTer~, IT hiz rvonction




Name

NUMERICAL EVALUATION TECHNIQUE

Date ) Project

Koy

Lerren . Options Weignt
A g CYLINDER ENGINE
B AUTOMATIC TRANSMISSION
c TRACTION T7PZ DIFFERENTIAL
D HZAVY DUTY SUSPENSION
_ E DISC BRAKES
EvavLvaTion Summany F__1POVsR STEERTNG
' Co G PCOUER WIKDOUS
H PCWZR DOCR LOCKS
{ POYWER ANTENNA
J AIR CONDITIONER
K AM RADIO
. M STA2E0 RADIO
M (AUTOMATIC SPEED CONTROL
N SUN ROOF
B D E F G H 1 J M N
[
B
C
D i
5
E !
F
NUMERICAL EVALUATICHN
Nore: = Evaruarion Wazicwr Facroas G
I = FAinor DIFFErENCT IN IMPORTANCE H
2 » Mcolum DIFFERENCE 1N IMPORTANCE ,
3 = MaJor DiFFERERCE 1N IMPORTANCE ! :
;
|
Figure 1, Basie Evaluation Matrix
i
b M |
|




cive it come thou~ht, hut clsarl- nrefers ons altarnstiva

then be would ~roien o M2, T ha ks oo yaees A0S

~ .

1rult

HA’

time decidihﬁ, then a "1" would be ascicned. The preferred
ovtion iz namsd b its ker latter followed brtha.extent

oP preference, For example & "B-1" in the A—B intarsection
blocP of Fi~ure 1 means that in comparine ootions A znd B,
r. dJon2s nreferred ovntions B dbut was not vers sure a2bout
his deéision. Eenzating this nrocess for the entire matrix
recuired Mr. Jones. to commare ezach optidn.against ever
othor ontion. Kone could be chinned and durins thenrocecs

it would be verr difficult for'Mr. Jones to anticivate the.

. 1 ~

finel outcom=. The completed matrix is shown in Figure 7.

- The "welvh‘" column ir Figure ? ie the desired outnut of

the evaluation. The weighte are eimpl— the summation of
the preference ratings for esach kev letter obtained b7
adding a2ll thc numbers associated with each resvective ke

letter. For example, in Figure ? there wes & total of 29

"nreference nointa" sscocieted vith ke latter "A"Y,
The weight=obtain~d from the matrix evsluation procaecs

renresent the relstive preference that Mr., Jonss had for
the fourteen optionc,
that Mr, Jonzs has the stroncezt »nrefe:
and then b+ zir conditionin~ nt 72ro rovint on the

farvad aver ontion to it.

T2 1 ey 1~ 3 W reyy o) s .. -~ ~m N
With the weichte in Fizure 2, Mr., Joner no heo 2 cradinhls




- . NUMERICAL EVALUATION TECHNIQUE

Name Mr. Jones pate 1/2/75 Project New Auto
Kevy . .
Lerren ~Options
A £ CYLINDER ENGINE
B AUTOMATIC TRANSMISSION
C TRACTION TWPT DITEERTNTTIAL
D  |HZAVY DUTY SUSPENSION
, E DIDC BRAKES
EvatLvaTion Summany F POVER STETRING
’ T G POWER WIKNDCWS B
H POWER -DOOR LOCKS 2
! PCYWER ANTTUHNA 0
J ATR COKDITIONER e
«__ [AM RADIO 11
L |77 Biot0 18
M QULOHQ“TC SPEED CONTROL 10
N SUl ROQF A
B C D £ F G H 1 J K
A f B
B-1jA-3}A-2V A2l A1 A3 1A= A3 g1 AR
B
B-3|B-2|B-2j B-2| B-3{B-3|B-3|B-1| B-3
c D=-1}E-?2{ F-21C~-3]|C=3{C~-3|J=2|C~1
Dlg-o| -2 D-3|D-3|D-3|J-2|D-1
Elr_1lz-2lz-3|m-2{g-1|5-"
' F
NUMERICAL EVALUATICN F<3|F=2|F-2{F=1|F-?
Nore: = Evaruarion Wereny Facrors G G=21G-21J=3|K-7
Im lﬂlﬁmou CIFFERENCE 1N IMPORTANGT H H=2{J-31K=3
2 = MED‘UM OIFFERCSYWCE 1K IMPORTANXCYE i
3 = MAJON DIFFEREINCE 14 IMPORTANCE R J_3 }:_3
J
J=3
K

Figure 2. Completed Evaluation Matrix

&
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ontionc and usine just thics lict 2lone,

ir in = much hHotter nor~ition to m=k2 rotionsl choicar, I7
he had 2 1limit on his funds, he could s=elect those ontions
viith the highest weight first, re-~ressing down the »riorit-r
1list until his funds were expnended. Thus, Mr., Jones is able
‘to make rational and relativel— nzinless decisions on the
fO?thnS without hic heavin~s the no~cinr Teelins that he had
overlooked somethin-.

The exemple could be puched & step further to more clezarl-
con=ider the cortr of ths ontionsz., Soma ontions sra ver
Eexpensive vhile others are relativelw inexvencive., With
limited funds, can Mr. Jonee gét the most catisfection
from one exvnensive ontion ov froﬁ ceveral inexmansive optione?
I7 we concider the weichts 25 indicstors of Mr, Jonszc's ro-
lotive utilitv (or =stisfaction), then we can fee how menv
"utilit s points oer dbuck™ hs is getting for each ontion.
Table 1 shows these valucs alcul ted for the 1L owntions
in the exemnla, The ratior sre multinlisd b 100 for con-

vanience bacauce it is easier to dezl +ith vwhole numbers

Dxemination of Table 1 chows 2 ruite dilferenct nicture

thon just considerineg the weichts b themeelvec., It crn

N

he fean that thie haosv dut s cucnancion »rovidae the root

utilit - =2 huclz, Tollownd - dice oroline ond the trrotion-

tvne difl2renti~l. whot <o thic wmocen?  MNr. Joner otill

jﬂ
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Teble 1, Utilit~ Reten for ZTrc

OPTION

JEIGHT

UTILITY
PTL DOLLAR*

g Cvlinder En~ine
Auvtometic Trenemiesion
Trection-Tvns Differentiel
Hoavr Dub~ Suepansion

Dizc Brakes

-

Power Steering
Porrar Windo. =
Powrer Door Locks

Power Antenns

AE Redio
FI1 Redio
Automatic Sneed Control

Sun Roof

CIST (%)
128

227
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vprefere an sutonstic trancmicscion., Hovewver, if hie funde

are vars linitsd, he -ouls Ho ~othin~s mors vhilitr (or

l_! .

gatisfection) vir dollsr from the he: . - duty susovension.

3

‘Again, thie gives additional data to Mr. Jonss to =llow

~

)

>l decision znd to meke an efficient

Q¢
]

him to maks 2 ration
allocation of his resources. Tha evaluntion coss not mske

he idecision For Mr.Jonzs, but it doss cives him 2 srsteom—

~—

neda P
agsls I

O‘

atic and rational or meking tha decision.
IV. APPLICATIONS TO DEFENSE

The new car example shows the usefulness of the numeri-
cal evaluation technique. If the technicue was onl—- =zonli-
cable to burinz a new cer it woqld be of little conecarn to
the cretems anelwst. Berides, d%e
pressure salesmen could blow the whole process. It does
not teke much imesinztion to c=ee how the technigus cen
profitabl-r b2 aoplied to defensé projects. For examnle,
let the ner cor ontions hacome thz ro uired onerationsl
re uirements (ROC) o7 a combat vshicle. Let Mr. Jones
hacome the ke menacers of TACOL. Then thzovrocess would
1d relative ireiphtc ol tha wvarioun RBOC's, Theee weicq
could bhe used in a varietr of vars, For oxsmnle ceveral
cendidats vehiclar could be rated, oy on & zcele of 1 to
1CQ, egrinnt coch ROC.  Then thzse ratinse could he rul-

e b thr wmi~hts obtained b the numaricel avalustion




tachnioue and summad to wvield 2 weishted "effectivenerss

~cora', Thers ccorzc conrider tha »212tive imnoritonce of

the various ROC!'

Tis

as well as the ratings. The scores could

then he used in a cocst effectivensse studr of the candidsate

~Similarly, the techniocue could be aprlied bhr a contract
propocsa2l review committze or sourcs selection hoard. The
options could be various attributes of the contract vorposal.

- The weighting process would vield the relative imvortance of

3

the various sttridutac. nen eaéh pronoser could he ratad
against each zttribute and the vroduct of the ratihg‘and
the weightes could be summed for a total score.

There'a re almost 2 limitless number of citustions in

which the numerical Gvklucblon technious could be avnvnlied.

The principal strengths of the technioue zare:d

. ecuires e decisionmzke sider & ptions
2 It reruires the d nmzker to consider all or ne

> It ic svetematic. The same steps are sleave involved

and nroceed in 2 logical and unbiared manner,

>

}_.In
[ 1

L, It is var-d ult to rmeninuls resnonses to

‘

obtain & nreconczived ansunr,
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